Summary. We studied the relationship of slight albuminuria (microalbuminuria) to serum lipid and lipoproteins in a representative group of middle-aged Type 2 (non-insulin-dependent) diabetic patients. A random sample of non-diabetic control subjects was also examined. Diabetic patients had both at diagnosis and after five years higher total, LDL-and VLDL-triglyceride levels and higher VLDL-cholesterol, but lower HDL-cholesterol levels than non-diabetic subjects. No consistent difference was found in LDL-cholesterol levels between diabetic and non-diabetic subjects. The prevalence of microalbuminuria ( > 35 rag/24 h) remained about the same in diabetic patients at both examinations (19-20%). The diabetic patients with persistent microalbuminuria were slightly hyperglycaemic and they tended to have lower creatinine clearance at the 5-year examination than those without persistent microalbuminuria. There were no differences in the blood pressure levels or the occurrence of hypertension between the diabetic groups with and without microalbuminuria. At the baseline examination, no differences were seen in serum lipids and lipoproteins between diabetic patients with and without microalbuminuria. In patients with persistent microalbuminuria, a statistically significant increase in VLDL-cholesterol (p < 0.05) and VLDL-and LDLtriglyceride levels Co < 0.05) and a decrease in HDL-cholesterol level Co < 0.05) was seen at the 5-year follow-up. These changes could not be explained by age, sex, body mass index or HbA~. In conclusion, persistent microalbuminuria predicts and aggravates abnormalities in lipoprotein composition and a decrease in HDL-cholesterol in patients with Type 2 diabetes mellitus. The excess cardiovascular morbidity and mortality in diabetic patients with increased albuminuria may, in part, be explained by these lipoprotein abnormalities.
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Slightly increased albumin excretion in the urine, (microalbuminuria) predicts the development of a more marked proteinuria and clinical nephropathy in patients with Type i (insulin-dependent) [1] as well as in patients with Type 2 (non-insulin-dependent) diabetes mellitus [2] . Furthermore, it has been shown that albuminuria is associated with increased cardiovascular mortality in both Type 1 [3] and Type 2 diabetes [2, [4] [5] [6] , as well as in non-diabetic subjects [7] . Among subjects with Type 2 diabetes, manifest renal failure is uncommon accounting for about only 3-5% of total mortality [2, 4, 5] whereas increased cardiovascular mortality is the major cause of shortened lifespan of patients with Type 2 diabetes in most Caucasian populations [8] . Type 1 diabetic patients with albuminuria tend to have aggregation of risk factors for atherosclerotic vascular disease, e.g. increased prevalence of hypertension, elevated LDL-cholesterol, VLDL-cholesterol, and triglyceride levels and lowered HDL-cholesterol levels [3, [9] [10] [11] [12] [13] [14] [15] . It has been suggested that this adverse pattern of risk factors may favour the development of atherosclerotic complications in these patients [16] . In a cross-sectional study, Type 2 diabetic subjects with microalbuminuria showed also lower HDL-cholesterol and higher triglycerides than those without it [17] , but on the whole the knowledge on the relationship between microalbuminuria and lipoprotein abnormalities in Type 2 diabetes is small. Due to the lack of prospective studies, it is unclear whether increased albuminuria represents an unspecific manifestation of generalised atherosclerosis or whether the presence of albuminuria itself possesses unfavourable effects on cardiovascular risk factors in Type 2 diabetes. We report the results of a prospective study concerning microalbuminuria and serum lipid and lipoprotein abnormalities in a representative group of middle-aged patients with newly diagnosed Type 2 diabetes and corresponding control subjects who were examined twice with a 5-year interval. 
Subjects and methods

Subjects
The original study population consisted of 133 patients aged 45 to 64 years with newly diagnosed Type 2 diabetes and 144 randomly selected non-diabetic control subjects in the same age group. The collection of both groups was carried out during the period from 1 May 1979 to 31 December 1981. Both groups were recruited from a defined area of 180,000inhabitants in the county of Kuopio in Eastern Finland. Approval for the study was given by the ethics committee of Kuopio University and the University Central Hospital. Informed consent was given by all subjects included in the study.
The diabetic patients (70 men, 63 women) were referred to the study by general practitioners working in community health centres in the survey area. The diagnosis of diabetes was primarily made in the clinical setting [18] and it was confirmed by an oral glucose tolerance test using diagnostic criteria recommended by the World Health Organisation's expert committee on diabetes mellitus [19] . Subjects whose fasting blood glucose had exceeded 7.0 mmol/1 for more than six months as well as subjects with secondary diabetes, thyroid diseases, alcoholism, renal insufficiency, overt carcinoma or those in institutional care were not eligible for the study. All the diabetic patients were non-ketotic at the time of diagnosis and none needed insulin treatment during the follow-up period which was at least three months. The non-diabetic control population of the same age group (62 men, 82 women) was selected randomly from the population register. The formation of the study population, their representability and methods of the baseline examination have been described previously in detail [18] . The 5-year follow-up study of diabetic patients and non-diabetic control subjects was carried out between August, 1985 and January, 1986. Eighty diabetic patients participated in a diet intervention study lasting for one year [20] . Other patients were referred to primary care after the baseline examination and the same applied also for the participants of the diet intervention study after its completion. During the follow-up eight diabetic patients (five men, three women) had died. Four diabetic (one man, three women) and five control subjects (one man, four women) refused to participate in the 5-year study. The data are given on those 113 diabetic patients (59 men, 54 women) and 133 control subjects (57 men, 76 women) who participated both in the baseline and 5-year follow-up study and who also had full laboratory investigations, including the collection of 24 h urine specimen. The age of the subjects (mean + SEM) was 59 + 1 years in diabetic men, 58 + 1 years in control men (p = NS) and 63 + 1 years in diabetic women and 59+ 1 years in control women (p < 0.05, t-test).
Methods
The examination of the 5-year follow-up study were carried out, whenever possible, according to the same methods and by the same personnel as in the baseline study. The methods and results concerning urinary protein excretion and renal function as well as the history and frequency of cardiovascular diseases at the baseline study have been published previously [18, 21] .
Bocly mass index was calculated as body weight (kg)/height (m2). Blood pressure was measured in the sitting position from the right arm after a 5 min rest with a mercury sphygmomanometer (cuff size 15 x 42 cm). Measurement was performed three times and the mean value of the three readings was used.
At the baseline examination, glucose determinations were conducted from whole blood by a glucose oxidase method (Glox KABI AB, Stockholm, Sweden). At the 5-year examination, glucose was determined by glucose dehydrogenase method (Merck Diagnostica, Darmstadt, FRG). Samples for plasma insulin and C-peptide determinations were collected in a fasting state before and at 1 and 2 h after an oral glucose load (75 g). Samples for plasma insulin were drawn into chilled tubes. After separation of plasma, samples were frozen immediately at -70~ until analysis. At both examinations, plasma insulin was determined by RIA, but with different antiserum (M 8309, Novo, Copenhagen, Denmark, at the baseline examination; Phasedeph, Pharmacia Diagnostics, Uppsala, Sweden, at the 5-year examination). HbA~ was determined by column chromatography (Quick-step fast haemoglobin test system, Isolab, Akron, Ohio, USA) after incubation in 0.9% NaC1 solution for 12 h. Serum lipids and lipoproteins were determined from fasting, fresh, unfrozen samples by a combined ultracentrifugation and precipitation technique [22] . The VLDL-fraction was separated by ultracentrifugation in the density of 1.006 g/mP. HDL was determined after magnesium chloride and dextran sulphate precipitation of the serum. HDL3 subfraction was separated running serum in the density of 1.125 g/mP and the fractions were then separated by the tube slicing technique. The lipids of total serum and the fractions mentioned above were determined and the concentrations of the remaining lipoprotein fractions were calculated from these results. Commercial enzymatic methods were used in the determination of cholesterol (Monotest, Boehringer Mannheim, FRG) and triglycerides (Testcombination triglyceride, Boehringer Mannheim). Serum apoproreins A1 (ApoAi) and B (ApoB) were determined from serum samples stored at -70~ The analyses were performed by commercial immunochemical methods (Orion Diagnostica, Espoo, Finland). The HDL2-and HDL3-cholesterol and Apo AI and Apo B levels were determined at the 5-year examination only, with the exception of Apo A1 which was analysed in about two-thirds of diabetic and control subjects at the baseline examination [23] .
At the 5-year study the morning urine sample was tested with a Nephur-Test-Leuco (Boehringer Mannheim, FRG) for the presence of nitrites, leucocytes, erytrocytes and protein. The abnormal urine samples were further studied by examining the urine sediment and bacterial culture. Those with evidence of infection were treated accordingly. For the collection of the 24 h timed urine sample, subjects were given individual oral and written instructions with plastic containers. The urine volume was measured and the urine aliquots were stored at -70~ until analysis. At the baseline study the urinary albumin was measured by immunodiffusion (Behringwerke, Mahrburg Lahn, FRG) with a lower limit of assay of 0.8 mg after concentration of the sample. Urinary albumin concentration was measured at the 5-year examination by turbidometry (Orion Diagnostica) by using IL Maltistat III centrifugal analyser (IL Laboratories Inc., Lexington, Ky, USA). The lower limit of the assay was 8 mg. The presence of albuminuria was defined as a concentration exceeding the highest level of urinary albumin concentration (35 mg/24 h or 24 gg/min) found in non-diabetic subjects with normal urinary sediment at the baseline examination. The serum and urine creatinine levels were determined with a multichannel analyser (Olli 3000, Kone Co., Espoo, Finland) by a modified Jaffe's method. The concentration of fibrinogen in plasma was measured at the 5-year examination by a modified thrombin time against a known amount of fibrinogen standard using reagents of Merz and Dade (Dtidingen, Switzerland).
Statistical analysis
All values are given as mean _+ SEM or frequency tables. Differences between the groups were assessed by the analysis of covariance (ANCOVA), chi-square-test with Yate's correction or unpaired ttest. Time-related changes within the group were analysed by paired t-test. Pearson's correlation coefficient was calculated between the baseline albuminuria and albuminuria at the 5-year examination. Plasma insulin, total triglycerides and triglycerides in different lipoproteins were analysed after logarithmic transformation. All the analyses were carried out in the computing centre of the University of Kuopio by using tile Statistical Package for Social Sciences (SPSS).
Results
On baseline examination both diabetic men (28.4+ 0.5 kg/m 2) and women (28.7 + 0.7 kg/m 2) showed a higher body mass index than non-diabetic men (26.4 + 0.4 kg/m 2, p < 0.01) and women (27.7 + 0.6 kg/m2), although at the 5-year examination the difference was not statistically significant in women. Among all the diabetic patients participating in the 5-year examination, 36 (56%) of the men and 23 (40%) of the women were treated with diet only and 27 (42%) of the men and 30 (52%) of the women were on oral medication. Insulin treatment had been started in one man (2%) and four women (7%). On the average the metabolic control was rather poor both in diabetic men and women. The mean fasting plasma glucose and HbA1 levels 239 were 11.5 + 0.5 mmol/1 and 8.9 + 0.3% for men and 12.5 + 0.5 mmol/1 and 9.6 + 0.3% for women.
At the baseline examination, 21 of 113 (19%) of the diabetic patients showed microalbuminuria (235 mg/ 24h) and the frequency of albuminuria at the 5-year examination was about the same (22 of 113, 20%). The range of albuminuria at the 5-year examination was < 8 mg-340 mg/24 h. Figure i shows by flow diagram the occurrence of microalbuminuria in diabetic patients at the baseline and 5-year examination. Twelve diabetic patients had persistent elevation of urinary albumin excretion. At the baseline examination they had equal levels of microalbuminuria as compared to those nine diabetic patients with albuminuria at the baseline examination only. On the other hand, the baseline albumin excretion in the urine correlated to that of 5-year examination (r =0.435, p < 0.001). The clinical characteristics of diabetic patients with and without the persistent microalbuminuria are shown in Table 1 . There were no significant differences for age, sex distribution, body mass index, blood pressure, and prevalence of hypertension between these two groups. However, the HbA1 and fasting plasma insulin were slightly higher in diabetic patients with persistent microalbuminuria than in those without. Six of 12 diabetic subjects with persistent albuminuria were treated with diet only, five with oral hypoglycaemic agents and one with insulin. Serum creatinine was also somewhat higher and creatinine clearance lower in diabetic patients with persistent albuminuria. The atherosclerotic vascular disease (myocardial infarction or intermittent claudication) at baseline was found in i of 12 (8%) diabetic patients with persistent albuminuria and in 24 of 101 (24%) without albuminuria (p = NS). The incidence of atherosclerotic vascular disease was 36% in diabetic patients with albuminuria and 27% in those without (p = NS). There were no significant differences in the history of smoking and drug treatment for congestive heart failure between these two diabetic groups. Table 2 shows the serum total cholesterol and lipoprotein cholesterol levels in diabetic subjects according Table 2 . Serum total cholesterol (Chol; mmol/l) and lipoprotein cholesterol levels in diabetic subjects in relation to microalbuminuria (AU), and in control subjects at the baseline and at the 5-year examination to the presence of microalbuminuria, and in control subjects both at the baseline and at the 5-year examination. There were no differences in these values between diabetic subjects with and without microalbuminuria at the baseline examination, but at the 5-year follow-up HDL-cholesterol was significantly lower and VLDL-cholesterol higher in diabetic patients with microalbuminuria than in those without after adjustment for age, sex, body mass index and HbA1 (p < 0.05). Diabetic subjects without microalbuminuria had both at the baseline and at the 5-year examination lower HDLcholesterol and higher VLDL-cholesterol, but lower total-and LDL-cholesterol levels compared to nondiabetic control subjects. Table 3 shows the serum total triglycerides and lipoprotein triglyceride levels at the baseline and at the 5-year examination in diabetic patients according to the microalbuminuria at the baseline and in control subjects. At the baseline examination, there were no differences between diabetic subjects with and without microalbuminuria in serum total triglycerides or lipoprotein triglyceride levels. However, at the 5-year examination total triglycerides and VLDL-and LDL-triglycerides were significantly higher (p < 0.05) in diabetic patients with microalbuminuria than in those without. Diabetic subjects without microalbuminuria had higher total-and VLDL-triglycerides both at the baseline and at the 5-year examination compared to non-diabetic control subjects, but no consistent differences were seen between these two groups in LDL-and HDL-triglyceride levels.
At the 5-year examination, HDL2-cholesterol was lower (Table 4) in diabetic subjects with microalbuminuria than in those without, but HDL3-cholesterol was about the same in both diabetic groups. There were no significant differences between Apo-A~ and Apo-Blevels in this regard, although both apoproteins measured tended to be lower in diabetic subjects with microalbuminuria. Table 3 . Serum total triglycerides (Tg; mmol/1) levels and lipoprotein triglyceride levels in diabetic subjects in relation to microalbuminuria (AU), and in control subjects at the baseline and at the 5-year examination Diabetic patients without microalbuminuria had lower HDL2-cholesterol and ApoA1 levels at the 5-year examination compared to non-diabetic control subjects. The difference in ApoA1 levels was not, however, statistically significant after adjustment for age, body mass index and sex. The HDL3-and Apo-B levels were identical in these groups. Figures 2 and 3 show the LDL-, VLDL-and HDLcholesterol and VLDL-and LDL-triglyceride levels in diabetic patients with persistent microalbuminuria (n = 12) and in patients with microalbuminuria at the 5-year examination only (n --10). The VLDL-cholesterol, VLDL-triglycerides and LDL-triglycerides showed an increase and HDL-cholesterol a decrease during the 5-year follow-up both in diabetic subjects with persistent and new microalbuminuria, but no significant change in LDL-cholesterol level was observed in either group. The only significant change in those nine diabetic patients in whom microalbuminuria disappeared was the decrease in HDL-cholesterol levels (1.32 + 0.13 mmol/1 at the baseline vs 1.07 +0.12 mmol/1 at the 5-year examination; p < 0.05). Table 4 . Serum HDL2-and HDL3-cholesterol (HDI~-C, HDI4-C; mmol/1) and apolipoproteins A~ and B (Apo-A1, Apo-B; g/l) in diabetic subjects in relation to microalbuminuria (AU), and in control subjects at the 5-year examination 
Discussion
In the present study we examined the association of slightly increased albumin excretion (microalbuminuria) to serum lipid and lipoprotein levels both at the time of diagnosis and after five years in a representative group of newly diagnosed Type 2 diabetic patients. The definition of increased urinary albumin excretion was based on the highest value found in non-diabetic control subjects at the baseline study ( < 35 mg/24 h). Urinary tract infection as a cause of albuminuria was excluded. Diabetic patients with albuminuria did not show hypertension or congestive heart failure more frequently than those without albuminuria. The diabetic patients with albuminuria had somewhat higher serum creatinine and lower creatinine clearance, but the renal function was within the normal range by these parameters. In all patients urinary albumin was below the level of clinically manifest proteinuria ( < 0.5 g/24 h) i.e. they had microalbuminuria. The prevalence of microalbuminuria in diabetic subjects remained about the same (19-20%) at both examinations. The increased urinary albumin excretion seems to be an early finding in the clinical course of Type 2 diabetes [24] and may be partly functional and thus, reversible as in Type i diabetes [25] . In the present study, about a half of the diabetic subjects showed persistent microalbuminuria.
At the baseline study, no obvious differences were found in serum lipids and lipoproteins in diabetic patients with microalbuminuria compared to diabetic patients without. However, at the 5-year examination an elevated VLDL-cholesterol and decreased HDL-cholesterol levels in diabetic patients with microalbuminuria was seen. Similarly, the diabetic subjects with microalbuminuria had higher VLDL-and LDL-triglycerides than those diabetic patients without microalbuminuria. Only one study on serum lipid changes in Type 2 diabetes with albuminuria has been published so far [17] . This cross-sectional study showed, in accordance with our study, that diabetic patients with albuminuria had lower HDL-cholesterol and higher triglyceride levels compared to diabetic patients without albuminuria. Only total cholesterol, HDL-cholesterol and total triglycerides were measured in this previous study. Cross-sectional studies concerning serum lipid and lipoprotein abnormalities in Type 1 diabetic patients with clinical or subclinical albuminuria have shown that patients with increased urinary albumin excretion have in general higher total cholesterol and LDL-and VLDL-cholesterol levels, and also higher triglyceride and Apo-B levels but lower HDL-cholesterol and Apo-A1 levels than patients with undetectable urinary albumin [10] [11] [12] [13] [14] [15] . Although the lipoprotein patterns of the major types of diabetes are quite different [26] , albuminuria in both types of diabetes is associated with compositional changes in lipids and lipoproteins favouring atherogenesis [16] . Furthermore, according to our findings microalbuminuria appears to predict the development of these lipid and lipoprotein abnormalities, and they develop before any renal damage or urine abnormalities can be discovered by conventional methods.
An increase in serum and VLDL-triglycerides and a decrease in HDL-cholesterol is a typical lipid abnormality in Type 2 diabetes [26] and is found already at the time of diagnosis, as was the case in our patients [23] . Furthermore, VLDL-cholesterol and LDL-triglycerides were elevated in diabetic subjects compared to non-diabetic subjects in our study. In Type 2 diabetes, the VLDL-triglyceride production is increased and its catabolism to LDL is impaired thus leading to accumulation of atherogenic VLDL remnants [26] . High VLDL-cholesterol and LDL-triglyceride levels are indicators for the elevation of the plasma concentration of these VLDL remnants [27] . A low HDL-cholesterol level is also characteristic of Type 2 diabetes and is associated with an excess of vascular disease [8] . According to our results, the presence of microalbuminuria aggravates these lipid and lipoprotein compositional abnormalities. The mechanism underlying this phenomenon is not known. In the nephrotic syndrome lipoprotein synthesis is increased as a response to albumin loss [28] , but the effect of microalbuminuria on lipids and lipoproteins is largely unknown. It has been speculated that microalbuminuria would be associated with transglomerular loss of smaller HDL3-subspecies resulting in a reduced conversion to HDLa and thus in a net decrease in the serum total HDLcholesterol. An increased urinary loss of Apo-A1 may lead to an inactivation of lecithin cholesterol acyl transferase which may contribute to low HDL-cholesterol levels [14] . Glycosylation of plasma lipoprotein lipase leading to an inhibition of this enzyme and to an increase in VLDL-cholesterol and a decrease in HDL-cholesterol has also been suggested as a possible underlying mechanism for lipid abnormalities in diabetic patients with albuminuria [13] . In the present study diabetic subjects with persistent albuminuria showed somewhat elevated fasting plasma insulin levels suggestive of insulin resistance, but the relationship of insulin resistance to microalbuminuria has not been elucidated in detail.
Diabetic patients with microalbuminuria were more hyperglycaemic than others indicating that metabolic control may contribute to the appearance of proteinuria, but hyperglycaemia did not explain the observed differences in serum and lipoprotein lipids and Apo-A1 and Apo-B between the diabetic groups with or without microalbuminuria at the 5-year examination. It has been shown in other studies that subclinical proteinuria is reversible with improved metabolic control by low calorie diet in Type 2 diabetic patients [29] [30] .
The association of albuminuria to elevated blood pressure in patients with Type i diabetes is well-known but the information from patients with Type 2 diabetes is contradictory. A positive correlation has been found between diastolic blood pressure and albuminuria in diabetic men but not in diabetic women [17] , while another study showed a positive correlation between albuminuria and systolic blood pressure [5] . In one study, hypertensive diabetic subjects have shown a higher frequency of albuminuria than normotensive subjects [24] whereas others have failed to establish any association between blood pressure and proteinuria in Type 2 diabetic patients [31] . Different results may be due to the differences in patient selection and the high frequency of hypertension in patients with Type 2 diabetes, treatment of hypertension being one of the confounding factors. In general, hypertension was well-controlled in our diabetic patients judging from the frequent use of antihypertensive agents and the mean blood pressure levels.
Our results indicate that in patients with Type 2 diabetes microalbuminuria predicts the further decrease in HDL-cholesterol and elevation in LDL-and VLDLtriglyceride and VLDL-cholesterol levels. The present data also suggest that increased cardiovascular morbidity and mortality in Type 2 diabetic patients with albuminuria may be explained, in part, by the more atherogenetic lipoprotein profile. In this respect it was interesting that we found these lipoprotein compositional abnormalities (low HDL-cholesterol, high VLDL-cholesterol and high VLDL-and LDL-triglycerides) to be predictive of future peripheral vascular disease [34] . Because both subclinical albuminuria and lipid and lipoprotein abnormalities [26] may be reversible with improved metabolic control and weight loss in patients with Type 2 diabetes, a more stringent approach of treating hyperglycaemia and obesity is needed in Type 2 diabetic patients, in order to reduce excess cardiovascular morbidity and mortality.
